ATING a sire with ewes of the same breed to produce parents of the next generation and crossing him with ewes of different breed(s) to produce crossbred lambs for the market is a common practice in the sheep industry (Rae, 1952) . In this operation, breeders make use of "hybrid vigor" in F1 crossbred lambs or ewes (Terrill, 1960) , yet still maintain their pure stocks to produce future parents. Nevertheless, not all market lambs are crossbred, because the culled and excess purebred lambs will also be sent to market.
M
ATING a sire with ewes of the same breed to produce parents of the next generation and crossing him with ewes of different breed(s) to produce crossbred lambs for the market is a common practice in the sheep industry (Rae, 1952) . In this operation, breeders make use of "hybrid vigor" in F1 crossbred lambs or ewes (Terrill, 1960 ), yet still maintain their pure stocks to produce future parents. Nevertheless, not all market lambs are crossbred, because the culled and excess purebred lambs will also be sent to market.
Thus, it becomes of interest to investigate the relationship between purebred and crossbred performance of sires and the effect of improvement made in one type of breeding (i.e., purebreeding or crossbreeding) on the other.
Materials and Methods
Data used in this study were collected during the period from 1958 through 1962 from the U.S.D.A. sheep flock at the Agricultural Research Center, Beltsville, Maryland. Data represented progeny from 44 sires that had at least two purebred and two crossbred progeny in each year they were used. There were 452 and 554 purebred and crossbred progeny from these sires. However, these sires represented 56 sire-year entries, since 12 sires were used in more than one season. Average weaning weight was 30.2 kg at an average age of 121 days.
Breeds involved were Hampshire, Shropshire, Southdown and Merino. Sires were always purebred while ewes were either purebred or crossbred. Table 1 shows the number of sires used from the different breeds and the numbers of their purebred and crossbred progeny in different years. Ewes of different breeds and crosses were alloted at random to different sires within breeds. Sires were selected on overall merit including growth rate, body weight, fleece weight and type of birth. They were also chosen on their general vigor and ability to serve.
In 1959 an investigation for controlling parasites was initiated. In 1959 animals were divided among three bands each having a different treatment; in subsequent years there were four such bands. Effect of these treatments was not a target of the study at hand but these treatments are included in the statistical model in order to account for their effects. Sidwell, Everson and Terrill (1962; 1964) described the data and management of the flock in more detail.
Biometrical
The existence of paternal half-sib families will be assumed within which an observation on the jt~ half-sib in the i t~ family can be represented by the model Yijzu+si+%. The u is an effect common to all individuals, si is an effect common to all half-sibs having the same sire and eij is a random error. The Y~j's are assumed to be corrected for effects other than sires. This model can be further specified to denote either purebred or crossbred individuals by superscripting the quantities in it, namely y% :up-~-sPi-~-ePij ( 1 ) and Y~ij~-~u~-{-s~i- [-eXij (2) for purebred and crossbred lambs, respectively. In this representation each of the k sires has nVi and n~i purebred and crossbred progeny, respectively.
Applying proper constraints, e.g. 2~si:X% ~O, one can estimate a given s~ and compare its value ,in the purebred lambs with that in the crossbred lambs. Given that dams were randomly assigned to sires, one would expect that the ranking of sires would be the same in purebreds and crossbreds unless there was some interaction between the sire and breed of dam. A part of this investigation was to determine how predictable the sire performance is ,in one breeding group (i.e., purebreeding or crossbreeding) from its performance in the other breeding group. 475 For the models stated above, estimators can be developed to estimate the parameters specified. Also, the covariance between sVi and s~ will be estimated. Letting yPijzYPij--fl p and yXij~Yxij--fix , it follows from (1) where E(sVi)zE(sXi)~0. Thus,
Assumptions made in reaching the foregoing result are the following: E(s v sX)=(rsp~x and E(s v eX)=E(s x eV) :E(e v eX):0 Application to the Data. The adjustable factors that were thought to be contributing to the variability in weaning weight of lambs were considered in the model simultaneously with the sires. Analysis was done within years for two reasons. Firstly, the group of sires was largely different each year, thus there was confounding between year and sire effects, and secondly, the vermifuge treatment were not the same every year.
The following model was assumed:
Y is the weight of animal at weaning in a specific year, u is an effect common to all lambs born in a given year, d~ is an effect common to all lambs from the i t~ breed in case of purebreds, or having the i th breed of sire in case of crossbreds, r u is an effect common to all lambs from the jth sire within the i tt~ breed, with rij~N(0, r sk is an effect common to all lambs of the ktn sex, h is an effect common to all lambs having the 1 tn type of birth; singles, twins, triplets (in some years) and twins raised as singles, am is an effect common to all lambs born to ewes of the m t~ age class: 2, 3, 4, 5, 6, 7 and more than 7-years old, bn is an effect common to all lambs that are in the n th band (n taking the values 1, 2 and 3 in 1959 and 1, 2, 3 and 4 in the following years), B is the regression of weight on days of age at weaning, x is the deviation of the age of lambs at weaning from the average of the ages of all lambs in a given year and e is a random element which is NID(0, O'2e) 9
All factors in the model are assumed fixed except for sires and error which are considered random.
To yield a solvable set of normal equations, the following constraints were imposed on the estimates: ~tfii=2trij= XSk=litlz2~am= Xbn=O.
After the least squares constants for sires were calculated according to the model the covariance between these constants in purebreds and crossbreds was estimated according to (6).
For each of the purebreds and crossbreds, analysis was made first within years 9 Bartlett's test of homogeneity of error variance was made 9 Errors did not prove heterogeneous and the sum of squares for sires within breeds and for the residual term were pooled across years 9 The coefficients (k) of the sire component (cr2s) in table 2 were calculated as:
where I denotes the year-breed class and J denotes the sire within that class. This yields approximate k values because it assumes that no adjustments were made for the fixed effects. After the k values were calculated sire components for purebreds and crossbreds were computed.
Results and Discussion Table 2 shows the pooled analysis for purebreds and crossbreds.
Thus, heritability of weaning weight as 4 &2 computed from A2--^~ was .26• and O" S-'~O" e 9 12 • for the purebreds and the crossbreds, respectively. Approximate estimates for the standard errors of heritability were calculated according to Hazel and Terrill (1945) . The difference between the two estimates of heritability is not significant. Also, there is no significant difference between the variability among the purebred lambs and the variability among the crossbred lambs. This result agrees with findings by Bradford et al. (1963) Kyle and Terrill (1953) , Shelton and Campbell (1962), Ercanbrack et al. (1963) and Botldn (1964) , respectively. The heritability estimate of .12 obtained from the crossbreds is somewhat lower. It agrees, however, with estimates of .17, .10, .18, .14, .17 and .10 reported by Kyle and Terrill (1953) , Ragab, Asker and Kadi (1953) , Henderson (1955), Felts, Chapman and Pope (1957) , Balch (1962) and Bichard and Yalcin (1964) , respectively. For the heritability as estimated from crossbred lambs Givens, Carter and Gaines (1960) and Osman and Bradford (1965) Insofar as the value .82 is a reasonable estimate of the correlation, its relatively high magnitude gives assurance that most of the gene effects which express themselves in the purebred are also expressed in the crossbreds and that any selection based on purebred performance will result in nearly as much improvement in crossbred progeny as if selection were directly on the crossbred progeny. Estimating the same correlation with a different statistical technique, Robison, Louca and Legates (1964a, b) obtained values ranging from --1 to 1 for different traits in swine. Enfield and Rempel (1962) estimated the covariance between sire effects in the purebred and crossbred as--.538 (kg), .0009 (kg) and .031 (cm) for weaning weight, average daily gain and back fat ~ickness, respectively, in swine.
From a theoretical point of view, Bowman (1960) derived a regression coefficient of purebred progeny on crossbred progeny of the same sire in the case of one gene. He concluded that while a negative regression can only be" obtained when overdominance is pres-ET AL. end, a positive or zero regression does not necessarily imply the absence of overdomiDance.
However, from the results in this study one can gather evidence from two sources as to whether certain matings combine specifically to produce superior crossbred lambs. The first is &2sx. If the genotypes of sires "nick" with the genotypes of ewes from different breeds to produce superior or inferior progeny, this would be included in ~2sx. There does not seem to be any evidence of "nicking" from this study. On the other hand, &2~x seems to be underestimated here because the differences among breeds of dam in the case of crossbreds were not accounted for in this analysis. This will tend to inflate b2ox thus, underestimating ~2sx if there was any special effort to distribute ewes of different breeds equally among rams.
One can also follow a concept similar to that introduced by Falconer and Latyszewski (1952) and Falconer (1952 Falconer ( , 1960 of studying genotype-environment interaction by means of the correlation between performances under two different environments. Expression of sire's genotype ,in purebred and crossbred progeny may be considered as two different characters. One, then, can estimate the correlation between the two performances. A high correlation indicates the prevalence of additive gene action. Following this concept, it is also possible to estimate the improvement in one character when selection is based on the other. Using Falconer's (1960) notation, let Rs, =response in crossbreds' weaning weight by direct selection, CY~.=indirect response in crossbreds' weaning weight by selecting on the purebreds' weaning weight, h~ =square root of heritability in the purebreds, hy =square root of heritability in the crossbreds, &,,~ =phenotypic standard deviation of X= ~'-'spq_~2e~, and 8py =phenotypic standard deviation of Y=i ~Sxq-32o~.
Thus, when a group of sires has been progeny tested on the same breed it is of interest to know how this selection will improve crossbred performance of sires relative to that achieved if selection were made directly ac-cording to crossbred performance. The relative efficiency of correlated to direct response will ~e:
CRy. __ r -h~ %,. ,,/1@(n--1).25 h~,. =1.12 Ry hy ~l~ ~ 1@(n--1).25 h2~
where it ,is assumed that the number of progeny per sire in the purebred and crossbred (n) is 10 and the selection intensities are also equal in both breedings.
In general, because of the relatively high correlation and the higher heritability in the purebreds than in the crossbreds, selecting sires according to their purebred performance in progeny testing would secure 12% more improvement than when selecting on crossbred basis.
However, there is reason to suspect that the heritability in crossbred performance may have been underestimated due to the possible inclusion in the residual mean square of some of the differences among breeds of dam.
Summary
The main purpose of this investigation was to evaluate rams by means of both purebred and crossbred progeny performance and to study the relationship between the two evaluations. The character studied was weaning weight.
Data were available on 1,006 lambs collected during the period from 1958 through 1962 from the U.S.D.A. sheep flock of the Agricultural Research Center, Bettsville, Maryland. Breeds involved were Hampshire, Shropshire, Southdown and Merino. There were 452 and 554 purebred and crossbred progeny, respectively, from these sires.
The model used included breed of sire, sire within breed, sex, type of birth, age of dam, band and the regression of weight on age at weaning. Analyses were carried out within years separately on purebreds and crossbreds and pooled across years.
From the pooled analysis ~2 s was estimated as 1.16 and .57 in the purebreds and crossbreds, respectively. The covariance between sire performance in the purebreds and crossbreds was calculated as .67. Thus, the correlation coefficient was estimated to be .82.
Heritability estimates calculated from purebreds and crossbreds were .26_+.. 14 and . 12 • .10, respectively.
Heritability estimates and the correlation above were used to calculate the ratio of indirect response in the crossbred progeny when selection was based on the performance of the purebreds to direct response. The ratio was 1.12 on the basis of progeny testing with 10 progeny per sire in each purebred and crossbred group. The assumption was made that selection intensities are equal in both cases.
In general, the investigation indicated that selection on the performance of the purebred progeny will also improve crossbred offspring.
